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FOREWORD 


This  report  presents  the  results  of  one  segment  of  an 
experimental  program  for  the  Investigation  of  h3rpersonlc  flow 
separation  and  control  characteristics  being  conducted  by  the 
Research  Department  of  Grumman  Aircraft  Engineering  Corporation 
Bethpage,  N.  Y.  Mr,  Donald  E.  Hoak  of  the  Flight  D3niamics 
Laboratory,  Research  and  Technology  Division,  located  at  Wright 
Patterson  Air  Force  Base,  Ohio,  is  the  Air  Force  Project 
Engineer  for  the  program,  which  is  being  supported  primarily 
under  Contract  AF  33 (616) -8130,  Air  Force  Task  821902, 

The  experimental  data  to  be  obtained,  pressure  distribu¬ 
tions,  heat  transfer,  and  six  component  aerodynamic  force  data, 
are  extensive  and  must  be  presented  in  a  series  of  reports,  of 
which  this  is  one.  These  data  reports  are  presented  without 
analysis  for  the  purpose  of  disseminating  experimental  informa¬ 
tion  as  rapidly  as  possible.  Analyses  of  the  data  will  be 
presented  in  the  final  report  for  the  subject  contract. 

The  author  wishes  to  express  his  appreciation  to  the  staff 
of  the  von  Karman  Facility,  ARO  Inc.,  for  their  helpfulness  in 
conducting  the  tests  and  particularly  to  Messrs.  Burchfield  and 
Deitering  for  providing  the  machine  plotted  graphs  of  the 
experimental  data  included  in  this  report.  The  tabulated  data, 
not  included  herein,  are  available  to  qualified  Air  Force 
requestors  as  an  appendix  to  this  report.  The  appendix  can  be 
obtained  on  loan  from  the  Flight  Dynamics  Laboratory,  Research 
and  Technology  Division,  Air  Force  Systems  Command,  Wright- 
Pat  ter  son  Air  Force  Base,  Ohio. 


ABSTRACT 


Pressure  data  were  obtained  at  Mach  8  for  a  winged  re-entry 
configuration  having  aerodynamic  controls.  The  basic  model 
consisted  of  a  clipped  delta  vd.ng  with  an  overslung  cone-cylinder 
body.  The  main  controls  tested  were  partial  span  trailing  edge 
flaps.  Data  were  also  obtained  on  the  effect  of  tip  fins, 
hemisphere-cylinder  body  and  a  trailing  edge  spoiler.  The  data 
were  obtained  over  an  angle  of  attack  range  of  -50°  to  +50°. 

Due  to  load  limitations  on  the  controls  the  unit  test  section 
Reynolds  number  varied  from  3.3  x  10°  at  low  angle  of  attack  to 
2.5  X  106  at  high  angle  of  attack. 


This  report  has  been  reviewed  and  is  approved. 


W.  A.  Sloan,  Jr. 

Colonel  USAF 

Chief,  Flight  Control  Division 
AF  Flight  Dynamics  Laboratory 
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q)  Cp  va.  Y' 

f-2  “  ^>3  “  +39 

lower  aurfaca  . 

r)  C  va.  X' 

P 

^2  •  ^3  •  +29 

lowar  aurfaca . 

•)  Cp  va.  Y' 

('2  “  '  3  •  +39 

uppar  aurfaca 

t)  C^  va.  X' 

P 

62  -  83  -  +39 

uppar  aurfaca  . 
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a)  C  va.  Y' 

P 

at-  0 

*2  ■  ®3  •  "10 

lower  aurfaca 

b)  C  va.  Y' 

P 

"2  "  '3  "  -10 

uppar  aurfaca 

c)  va.  X' 

P 

62  -  -  3  -  -10 

lowar  aurfaca 

d)  C  va.  X' 

P 

'  2  -®3  -  -10 

upper  aurfaca  . 

#)  Cp  va.  Y' 

*  2  -  63  •  -20 

lowar  aurfaca 

f)  C  va.  X' 

P 

®2  "  ®3  ■  "20 

lowar  aurfaca . 

g)  va.  Y' 

P 

'  2  •  ■  "20 

uppar  aurfaca 

h)  C  va.  X' 

P 

>  2  -  ■  3  -  -20 

uppar  aurfaca  . 

1)  C  va.  Y' 

P 

'  2  *®3  •  "20 

lowar  aurfaca 

J)  Cp  va.  X' 

■  2  •  -  -30 

lowar  surface  . 

k)  C  Vi.  Y* 

P 

62  •'  3  -  -30 

uppar  surface 

l)  Cp  va.  X' 

^2  *  ^3  ”  "20 

uppar  surface  . 

■)  C  va.  Y' 

P 

®2  ’  ®3  “  *2’ 

lowar  surface 

n)  C_  va.  X' 

P 

®2  *  '‘3  "  *2’ 

lowar  aurfaca  . 

o)  C  Vi.  Y' 

P 

’2  -  ®3  •  -2’ 

uppar  surface  . -. . 

p)  C  Vi.  X* 

P 

t2  •  3  -  -29 

uppar  surface  . 
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Canflfuratlon  IV 

a  -  -(>10 

•)  C.  V*.  Y' 

P 

Cj  ■  63  •  0 

lowar  atorfaca 

b)  Cp  va,  Y* 

ftj  -  63  -  0 

uppar  aurfaea 

c)  C  va.  X' 

P 

Bj  •  63  ■  0 

lonar  aurfaea 

d)  Cp  va.  X' 

63  -  63  -  0 

uppar  aurfaea  . 

a)  C  Vi.  Y' 

P 

Bj  -  63  -  -no 

iMiar  aurfaea 

f)  Vt.  X* 

P 

Bj  -  B3  -  -flO 

lowar  aurfaea  . 

x)  Cp  Vi.  Y' 

Bj  -  Bj  -  -flO 

uppar  aurfaea 

h)  C  Vi.  X' 

P 

Bj  -  B3  -  -flO 

uppar  aurfaea  . 

1)  Vi.  Y' 

P 

Bj  -  B3  •  -fXO 

lowar  aurfaea  . 

j)  Cp  Vi.  X* 

Bj  -  B3  -  -flO 

lowar  aurfaea  . 

k)  Cp  Vi.  X' 

Bj  -  B3  -  •►20 

uppar  aurfaea 

1)  vt.  X* 

P 

Bj  -  B3  -  -flO 

uppar  aurfaea  . 

■)  c,  Vi.  Y' 

P 

Bj  -  B3  •  -fM 

lewar  aurfaea . . 

n)  C  Vi.  X' 

P 

Bj  -  B3  -  •►30 

lower  aurfaea  . 

o)  C  Vi.  Y' 

P 

Bj  -  B3  -  -►SO 

uppar  aurfaea 

P)  Cp  Vi.  X' 

63  -  63  -  ,30 

uppar  aurfaea  . 

q)  c,  Vi.  Y* 

p 

B3  -  B^  -  -130 

lowar  aurfaea  . 

r)  C  Vi.  X' 

P 

B3  •  B3  •  •►30 

l<war  aurfaea . 

•)  c,  Vi.  Y' 

P 

B3  -  B3  •  ■►30 

uppar  aurfaea 

t)  C  Vi.  X' 

P 

Bj  •  B3  -  •►SO 

uppar  aurfaea  . 

Confifttraclaa  IV 

a  ■  •►10 

«)  Vi.  Y' 

Bj  -  B3  -  -10 

lowar  aurfaea 

b)  C  Vi.  Y' 

P 

Bj  -  B3  -  -10 

uppar  aurfaea 

e)  Vi.  X* 

B3  ■  B3  •  -10 

lower  aurfaea 

d)  Vi.  X' 

Bj  •  Bj  ■  -10 

uppar  aurfaea  . 

•)  Vi.  Y' 

Bj  -  B3  -  -20 

lowar  aurfaea 

f)  Vi.  Y' 

P 

Bj  -  Bj  •  -20 

upper  aurfaea 

t)  Cp  Vi.  X' 

Bj  -  B3  -  -20 

lower  aurfaea 

b)  Vi.  X* 

6j  ■  Bj  ■  -20 

uppar  aurfaea  . 

1)  Vi.  Y* 

6j  -  6j  •  -30 

lower  aurfaea 

J)  Vi.  T' 

Bj  -  Bj  -  -30 

upper  aurfaea 

k)  va.  *• 

Bj  -  Bj  -  -30 

lowar  aurfaea 

1)  Vi.  X’ 

Bj  -  Bj  -  -30 

i^par  aurfaea  ....... 

«)  Vi.  Y' 

Bj  -  B,  -  -30 

lower  aurfaea 

■)  va.  X' 

Bj  -  Bj  -  -30 

lower  aurfaea  . . 

«)  Vi.  Y* 

®2  ’  ®3  * 

upper  aurfaea 

P)  va.  X* 

Bj  •  Bj  •  -30 

uppOT  awfaea . 
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«)  va.  Y' 

P 

62  ■  63  -  0 

loiMr  aurfaca 

b)  C„  v«.  X* 
P 

82  •  6j  ■  0 

loM"  aurfaca . 

e)  va.  Y' 

P 

62  ■  •  0 

uppar  aurfaca 

d)  Cp  va.  X' 

62  ■  6j  •  0 

uppar  aurfaca . 

a)  va.  Y' 

Cj  •  6j  ■  +10 

lowar  aurfaca . 

f)  va.  X' 

Oj  •  6j  ■  +10 

lowar  aurfaca . 

S)  va.  Y' 

P 

62  -  6j  -  +10 

uppar  aurfaca 

h)  va.  X' 

6.  •6,  ■  +10 

uppar  aurfaca  . 

1)  Cp  va.  Y* 

6,  •  6,  -  +20 

Icwar  aui'faca . 

J)  va.  X' 

62  •  63  -  +20 

lowar  aurfaca  . 

k)  va.  Y' 

P 

62  ■  -  +20 

tVPar  aurfaca 

1)  Cp  va.  X' 

62  •  63  “  +20 

uppar  aurfaca . 

■)  C,  va.  Y' 

^2  *  ^3  * 

lowar  aurfaca  . 

n)  Cp  va.  X' 

^2  ■  63  -  +30 

l«#ar  aurfaca . 

o)  C^  va.  Y' 

P 

62  *  83  *  ■♦■30 

uppar  aurfaca 

p)  C  va.  X* 

P 

82  ■  *  ■♦30 

uppar  aurfaca  . 

s)  Cp  va.  Y' 

^2  •  83  •  +39 

lowar  aurfaca  . 

r)  C,  va.  X' 

62  •  83  •  +39 

lowar  aurfaca . . 

•)  C^  va.  Y' 

P 

82  •  63  -  +39 

uppar  aurfaca 

e)  Cp  va.  X' 

bj  •  63  -  +39 

uppar  aurfaca  . 
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b,  •  8j  -  -10 
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P 
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lowar  aurfaca 

t)  Cp  va.  X* 

bj  -  bj  -  -20 

lower  aurfaca  . 

•)  Cp  va.  Y* 

bj  •  83  -  -20 

uppar  aurfaca 

b)  Cp  v«.  x‘ 

*2  •  bj  -  -20 

uppar  aurfaca  . 

i)  Cp  va.  Y' 

bj  •  83  -  -30 

lowar  aurfaca 

J)  Cp  va.  X* 

*2  *  bj  •  -30 

iMar  aurfaca . . 

k)  Cp  va.  Y' 

tj  •  bj  -  -30 

uppar  aurfaca 

i)  Cp  va.  X' 

bj  •  bj  -  -30 

uppar  aurfaca . . 

•)  Cp  va.  Y* 

bj  -  bj  -  .39 

lowar  aurfaca 

b)  Cp  va.  X* 

bj  -  83  -  -39 

l«*ar  aurfaca . 

a)  Cp  va.  Y* 

83  •  bj  »  -39 

uppar  aurfaca 

P)  Cp  va.  X' 

b,  -  bj  •  -39 

uppar  aurfaca  .......... 
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c)  vs.  Y' 
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d;  Cp  VS.  X’ 
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•)  vs.  Y' 

P 

^2  ■  ^3  ■  ♦lO 

f)  vs.  X' 

P 

f>2  •  f>3  •  ♦lO 

t)  vs.  Y' 

P 

?>2  ■  63  *  +10 

h)  Cp  vs.  X' 

*>2  “  ^>3  "  +10 

1)  Cp  vs.  Y' 

63  ■  ^3  “  +20 

J)  C.  vs.  X' 

P 

f>2  ■  '  3  “  +20 

k)  Cp  vs.  Y* 

f>2  "  f  3  -  +20 

1)  vs.  X* 

P 

63  “  f>3  *  +20 

■)  C  vs.  Y* 

P 

63  ■  63  •  +30 

n)  vs.  X* 

P 

'2  “  “  +» 

0)  C_  vs.  Y' 

P 

e2  -  tj  -  +30 

P)  vs.  X’ 

P 

^2  ■  ^3  -  +M 

q)  C  vs.  Y* 

P 

‘2  “  ''3  •  +M 

r)  C  Vi.  X* 

P 

62  •  •  +39 

•)  v«r  r* 

p 

^2  -  63  -  +39 

t)  vs.  X' 

P 

f>2  •  '^3  •  +39 
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*)  C^  vs.  Y’ 
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c)  C^  vSv  Y' 

6 2  ■  •  -30 

d)  C^  vs.  X' 
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•)  C^  vs.  Y* 
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b)  *' 
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p 

vs.  Y* 

■3  “ *3  “  ® 
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e) 
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p 

vs.  Y* 
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f) 

c 

p 

vs.  X' 

^2  ■  • 3  -  +10 

t) 

C 

p 

vs.  Y* 

^2  •  '3  “  +10 

lowtr  surface 
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upper  surface  .  291 

lower  surface  .  292 

iMar  surface  .  293 

upP*r  surface 

upper  surface  .  294 

lower  surface 

lower  surface . . .  295 

upper  surface 
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lower  surface . .  297 

lower  surface  .  294 

upper  surface 

upper  surface  .  299 

lower  surface  . .  300 

lower  surface  .  XI 

upper  matM 
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lower  surface  .  X3 

upper  surface 

upper  surface  .  304 

lOT*er  surface 

Inter  surface  .  XS 

upper  surface 

upper  surface .  304 

lower  surface  .  X7 

lower  surface  .  30$ 

upper  surface 

upper  surface  .  30* 

l«nr  surface  .  310 

Inwr  surface .  333 
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h)  c  Vi.  X' 

6,  “  6,  •  +10 

upper  iurfici 

1)  Vi.  Y* 

P 

bj  •  ^3  “  +20 

'(Wir  iurfici 

J)  C  Vi.  X’ 

b,  -  6,  -  +20 

lowir  iurfici _ , . , 

k)  C  Vi.  Y* 

P 

bj  •  6j  ■  +20 

upper  iurficc 

1)  C  Vi.  X* 

6-  -  6,  -  +20 

upper  iurfice  . 

■)  Vi.  Y* 

F 

*>2  “  '>3  "  +30 

lower  iurfiCi  . 

.  315 

b)  C  Vi.  X* 

fc,  -  '  ,  -  +30 

lower  iurfaci  . 

.  316 

o)  C  Vi.  Y' 

P 

"2  -  ^^3  -  +30 

upper  iurfaci 

P)  C  Vi.  X’ 

•  2  -  b,  -  +30 

upper  iurfaci  . 

q)  c  Vi.  Y' 

b,  ■  -  +39 

lower  eurfece  . 

r)  C  Vi.  X’ 

'  2  “  '  3  “ 

lower  iurfeci  . 

•)  Vi.  Y* 

P 

"2-’3-+” 

upper  iurfaci 

e)  c  Vi.  X* 

'^2  *  '  3  ■* 
a  •  +40 

upper  iurfece  . 

Cooflfuritlon  IV 

•)  C  Vi.  Y* 

^2  -  ^3  -  -20 

lower  iurfece  . 

b)  C  Vi.  X* 

‘2  -  ^3  -  -20 

lower  iurfece . 

.  177 

c)  C  Vi.  Y* 

P 

•^2  “  *>3  -  -20 

upper  mirfece 

«•)  C  Vi.  X* 

4  -  S  -  -20 

upper  iurfece . . 

•)  C  Vi,  T* 

b,  -  -  -39 

iMter  iurfece  . 

f)  C  Vi.  X* 

■'j  •  b»  •  -39 

lower  iurfece  . 

I)  Vi.  Y* 

^2  •  -3  ‘ 

«9per  iurfece 

b)  Vi.  X* 

2  “  '  3  “ 

upper  iurfeci . 

Coaflcuraciom  IV 

»  «  +50 

•)  C  Vi.  Y' 

*’2  *  *^3  "  ® 

l«*er  iurfece . 

b)  C  Vi.  X' 

-2  "  ''3  "  ® 

lower  iurfece . 

.  1^* 

e)  Vi.  Y' 

*2  -  ’3  -  ® 

upper  iurfeci 

<)  Vi.  X' 

'2  •  3  "  ° 

upper  iurfece  . 

•)  C  Vi.  Y* 

*  2  •  *  3  • 

lower  iwfece . . 

»)  C  w.  X’ 

•  2  -  *  J  -  +20 

lOTwr  iurfece . 

. .  Ill 

g)  Vi.  Y’ 

^,-•,-♦20 

upper  eurfece 

b)  C  Vi,  X* 

b,  •  •  J  -  +20 

upper  eurfece  . 

1)  C  Vi.  Y* 

•,  .'j  -+39 

2  •  '3  * 

lower  eurfece  . 

.  ^>1 

J)  C  Vi.  X’ 

lower  eurfece  . 

b)  Vi.  T’ 

+39 

vpper  eurfece 

I)  C  Vi.  X* 

'2  •  *1  • 

upper  eurfece  . 

•>  C  Vi.  Y’ 

•  2  •  ■  ,  -  -20 

loiwr  eurfece  . . 

b)  C  Vi.  X’ 

-  -20 

lower  eurfece  . 

•)  Vi.  Y* 

•2  -  -20 

upper  eurfece  . 

. 
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p) 

C  v«.  X* 

P 

-  6j  -  -20 

uypar  aurfaca  . . 
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9} 

C  v«.  Y* 

P 

fij  ■  tij  ■  -30 

IOTMT  itiPfiCi  aaaaaa.a**  a.a. 

330 

r) 

va.  X' 

1 

• 

M 

lowar  aurfaca  . 

340 

•) 

»a.  t* 

uppar  aurfaca 

t) 

C  Vi.  X* 

P 

ftj  -  ■  -30 

uppar  aurfaca  . 

341 

CoafifuratloB  IV 

a  m  .10 

•) 

C  va.  Y' 

“  *>3  ■  0 

louar  aurfaca 

b) 

C  va.  T' 

■  '3  •  0 

uppar  aurfaca 

e) 

C  va.  X' 

P 

fij  ■  63  ■  0 

lowar  aurfaca 

««) 

C  Vi.  X* 

P 

fij  ■  6j  ■  0 

upper  aurfaca . . 

342 

•) 

C  Vi.  Y* 

P 

■  6j  ■  +10 

lowar  aurfaca 

t) 

C  va.  Y* 

tj  •  63  ■  ♦10 

uppar  aurfaca 

1) 

C  Vi.  X* 

P 

6 2  “  6j  ■  +10 

lower  aurfaca 

h) 

C  Vi.  !• 

P 

62  ■  63  •  ♦lO 

upper  aurfaca  . . 

343 

1) 

C  Vi.  Y' 

P 

bj  -  63  •  +20 

lowar  aurfaca 

J) 

C  Vi.  Y' 

P 

62  “  f>3  "  '♦■20 

upper  aurfaca 

k) 

C  Vi.  X* 

P 

fij  ■  t>3  “  ■♦'20 

lowar  aurfaca 

1) 

C  Vi.  X* 

P 

62  -  63  •  +20 

upper  aurfaca  . 

344 

■) 

C  va.  Y' 

*2  "  **3  " 

lowar  aurfaca 

n) 

C  va.  Y* 

62  ■  63  •  +30 

upper  aurfaca 

0) 

C  va.  X* 

6  2  “  f'3  ■  'k30 

lower  aurfaca 

P) 

C  va.  X' 

62  “  *’3  “  ■k30 

uppar  aurfaca  . 

343 

«»> 

C  va.  Y' 

62  "  ft 3  "  •♦30 

lower  aurfaca 

r) 

C  va.  X' 

ft  2  •63  •  +30 

lowar  aurfaca  . . 

348 

•) 

C  va.  Y* 

ftj  ■  *3  ■  ■♦30 

upper  aurfaca 

t) 

C  va.  X* 

ft 2  “  ^3  “  ■♦30 

upper  aurfaca  . . 
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CoAflfuraclofi  IV 

s  •  -  10 

•) 
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lower  aurfaca 

b) 

C  va.  X' 
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lowar  aurfaca . . . . 
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c) 

C  va.  Y* 

f  2  ■  ft  3  ■  *10 

t^per  aurfaca 

*) 

C  va.  X* 

<2-ft3--lO 

upper  aurfaca  . . . 
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•> 

C  va.  Y' 

••j  “  *'3  "  *30 

lowar  aurfaca 

f) 

C  va.  X* 

ftj  •  ft 3  *  *20 

lower  aurfaca  . . 
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■) 
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^par  aurfaca  . 

331 

h) 

C  va.  X* 
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uppar  aurfaca . . 
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1) 
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ft,  -ft3  -30 
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J) 
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k) 
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upper  aurfaca  . 
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surface 
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Y' 
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g) 
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■  «  a  a  e  e  361 

1) 

C  vs. 

P 

Y' 

^’2 

*^3 

m 

+20 

lower 

surface 

J) 

Cp  vs. 

Y' 

^2 

^3 

m 

+20 

upper 

surface 

k) 

C  vs. 
P 

X' 

f'3 

+20 

lower 

surface 

1) 

C  vs. 
P 

X' 

^2 

f^3 

m 

^20 

upper 

surface  . 

.  362 

m) 

Cp  Vi. 

Y' 

^’2 

'^3 

m 

+30 

lower 

surface 

n) 

C  vs. 
p 

Y' 

^2 

^3 

m 

+30 

upper 

surface 

o) 

vs. 

P 

X' 

c 

"2 

^'3 

m 

+30 

lowur 

aurface 

P) 

C  vs. 
P 

X' 

^2 

'3 

m 

+30 

upper 

surface  . 

q) 

Cp  vs. 

Y' 

"2 

^3 

m 

+39 

lower 

surface 

r) 

C  vs. 
P 

Y' 

^2 

'3 

m 

+39 

upper 

surface 

s) 

C  vs. 
P 

X' 

^2 

m 

+39 

lovjor 

surface 

t) 

C  vS. 
P 

X' 

^2 

'3 

m 

+39 

upper 

surface  . 

Configuration  IV 

-2C 

a) 

C  vs. 
P 

Y' 

'‘2 

m 

^3 

m 

-10 

lower 

surface 

b) 

C  vs. 
P 

X' 

'’2 

m 

'3 

m 

-10 

lower 

surface  . 

c) 

C  vs, 

P 

Y' 

'■2 

m 

’’3 

as 

-10 

upper 

surface  . . . 

.  366 

d) 

vs. 

P 

X' 

'’2 

m 

m 

-10 

upper 

surface  . 

e) 

C  vs. 

P 

Y' 

>^2 

m 

63 

m 

-20 

lower 

surface 

f) 

Cp  vs. 

X' 

''2 

m 

f), 

J 

m 

-20 

lower 

surface  . 

?) 

C  vs, 
P 

Y' 

"'2 

m 

^3 

m 

-20 

upper 

surface 

.  569 

h) 

C  vs. 
P 

X' 

'2 

w 

r 

3 

m 

-20 

upper 

surface  . 

.  370 

:) 

C  vs, 
P 

Y' 

f 

'  2 

• 

r, 

3 

m 

-30 

lower 

SDrface 

J) 

C  vs. 

P 

X' 

'2 

M 

r 

3 

m 

-30 

lower 

surface  . . 

.  371 

k) 

C  Vi . 

P 

Y' 

^'2 

• 

'’3 

m 

-30 

upper 

surface  . . 

.  372 

1) 

C  vs, 
P 

X' 

'■2 

m 

■  3 

m 

-30 

upper 

surface  . 

.  373 

xxli 


44 


46 


m) 

C  vs . 

P 

T' 

^'2 

■^3 

• 

-39 

lower  surface  ...... 

n) 

C  vs. 

P 

X' 

^2 

- 

• 

-39 

lower  surface 

o) 

C  vs. 
P 

Y' 

^2 

•^3 

m 

-39 

upper  surface  . 

.  375 

p)  Cp  vs.  X' 

Configuration  IV 

^'2 

a  • 

■  ''S 

-30 

m 

-39 

upper  surface  . 

. .  376 

*) 

C  vs. 

P 

Y' 

’  2 

-^3 

m 

0 

lower  surface 

b) 

C  vs. 
P 

X' 

-f-'3 

m 

0 

lower  surface  . 

c) 

C  vs. 
P 

Y' 

'’2 

■  "3 

m 

0 

upper  Surface  . 

d) 

C  vs. 
P 

X' 

^2 

m 

0 

upper  surface  . 

e) 

C  vs. 
P 

Y' 

'■2 

-  ^3 

m 

+20 

lower  surface 

f) 

C  vs. 
P 

X' 

^2 

-  ^’3 

m 

+20 

lower  surface  . 

. .  360 

s) 

C  vs. 
P 

Y' 

t 

2 

"  ^3 

m 

+20 

upper  surface 

b) 

C  vs. 

P 

X' 

'  2 

“  '"3 

m 

+20 

upper  surface  . 

1) 

C  vs. 

P 

Y* 

^2 

-.3 

m 

+39 

lower  surface 

3) 

C  vs. 
P 

X' 

^'2 

"  ^3 

m 

+39 

lower  surface  . 

k) 

C  vs. 
P 

Y' 

^'2 

“  ^3 

m 

+39 

upper  surface 

1)  C  vs.  X' 

P 

Configuration  IV 

^2 

a  • 

-  1.3 

-30 

m 

+39 

upper  surface . . . . . 

«) 

Cp  vs. 

Y' 

0  2 

m 

-10 

lower  surface 

b) 

C  vs. 
P 

X' 

^2 

-  63 

m 

-10 

lower  surface . . . . . 

c) 

C  V8. 
p 

Y' 

^2 

"  '"3 

m 

-10 

upper  surface  . 

d) 

Cp  vs. 

X' 

^2 

-  63 

m 

*»10 

upper  surface  . 

«) 

C  vs. 
P 

Y' 

^2 

■  ^3 

m 

-20 

lower  surface 

f) 

Cp  vs. 

X' 

^2 

-  63 

m 

-20 

lower  surface  . 

8) 

Cp  vs. 

Y' 

^2 

“  ^3 

m 

-20 

upper  surface  . . 

h) 

C  vs. 
P 

X' 

'2 

'  ''I 

«p 

-20 

upper  surface  . 

i) 

Cp  vs. 

Y' 

^'2 

-  hj 

m 

-30 

lower  surface 

3) 

C  V9, 

P 

X' 

m  f 

3 

m 

-30 

lower  surface  . 

k) 

C  vs. 
P 

Y' 

'  2 

■  3 

m 

-30 

upper  surface  . 

1) 

C  vs. 
P 

X' 

^'2 

■  *'3 

m 

-30 

upper  surface  . . 

»■) 

C  vs. 
P 

Y' 

^2 

■  ^'3 

m 

-39 

lower  surface 

a) 

C  vs. 
P 

X' 

^2 

-  03 

m 

-39 

lower  surface  . 

o) 

C  vs. 

P 

Y' 

^’2 

“  ''3 

m 

-39 

upper  surface  . 

p)  Cp  vs.  X' 

Configuration  IV 

^'2 

Ok  • 

-40 

m 

-39 

upper  surface  ......... 

a) 

C  V8« 
P 

Y' 

^’2 

■'■3 

m 

0 

lower  surface 

b) 

C  vs. 
P 

X' 

"2 

-  f,3 

m 

0 

lower  surface  ......... 

c) 

C  vs. 

P 

Y’ 

"  -’3 

m 

0 

upper  surface  . 

xxlil 


d)  Cp  V8.  X*  #2  “  ^3  “  ®  upper  turfece  .  396 

•)  Cp  Vi.  Y'  *2  ”  lo%(er  surface 

f)  Cp  Vi.  X'  ^2  “  lower  surface  . 399 

8)  Cp  vs.  Y'  ®2  ”  ^3  “  upper  surface . . .  400 

Cp  vs.  X'  ^2  “  *3  "  upper  surface  401 

I)  Cp  vs.  Y'  *^2  "  *^3  "  lower  surface 

J)  Cp  vs.  X'  82  “  Oj  "  +39  lower  surface  .  402 

•*)  Cp  ®2  ”  *^3  "  upper  surface  403 

1)  Cp  vs.  X'  fjj  -  f,j  t.  +39  upper  surface  .  404 

A7  Configuration  IV  ^  -  -40 

*)  Cp  vs.  Y'  *2  "  ^3  "  lower  surfac. 

*>)  Cp  vs.  X'  ^2  "  ®3  "  lower  surface  4Cj 

c)  ^p''®*^'  62”^3“"^®  upper  surface  .  406 

d)  Cp  vs.  X'  ®2  "  ^3  "  upper  surface  407 

«)  Cp  vs.  Y'  *2  ”  ^3  “  lower  surface 

Cp  vs.  X'  ®2  "  *3  "  lower  surface  408 

8)  Cp  vs.  Y'  ^2  "  ®3  "  upper  surface  409 

h)  Cp  vs.  X'  ^2  "  ®3  “  upper  surface  410 

1)  Cp  vs.  Y*  *^2  "  *3  “  lower  surface 

j)  Cp  vs.  X'  *2  "  **3  "  lower  surface  411 

k)  Cp  vs.  Y'  *2  "  ®3  “  upper  surface  412 

l)  Cp  vs,  X'  *2  "  ®3  "  upper  surface  413 

m)  Cp  vs.  Y'  ®2  "  ^3  "  lower  surface 

n)  Cp  vs.  X’  5,  •  -  -39  lower  surface . . .  4I4 

o)  Cp  vs.  Y'  62  "  f  J  •  -39  upper  surface  .  435 

p)  Cp  vs.  X'  ^2  ”  ®3  “  upper  surface  41g 

48  Configuration  IV  i  -  -50 

*)  Cp  vs.  Y'  '>2  "  “  0  lower  surface 

b)  Cp  vs,  X'  ^2  "  f*!  “  ®  lower  surface  437 

c)  Cp  vs.  Y'  t'2  “  -  0  upper  surface  418 

d)  Cp  vs.  X'  62  ■  6j  •  0  upper  surface  419 

e)  Cp  vs.  V'  ’’2  "  ®3  "  lower  surface 

f)  Cp  vs.  X'  ^  2  "  ^'3  ”  lower  surface  .  420 

8)  Cp  vs.  Y'  *2  "  *3  “  upper  surface  42i 

h)  Cp  vs.  X'  82  “  6j  “  +20  upper  surface  .  422 

1)  C  vs.  Y*  6,  •  6,  “  +39  lower  surface 

P  2  3 

j)  Cp  vs,  X'  ^2  "  ®3  ”  lower  surface  423 

k)  Cp  vs,  Y'  *2  ”  ®3  ”  upper  surface  424 

l)  C  vs.  X'  6,  -  6,  -  +39  upper  surface  .  425 

P  ^ 


X3CXT 


49 


Configuration  IV 


a  -  -30 


a)  va.  Y' 

P 

^  lowar  aurfaca 

b)  Cp  va.  X* 

®2  “  ^®***'f 

aurface  . 

....  426 

c)  Cp  va.  Y' 

bj  “  ■  -10  uppar 

aurface  . 

....  427 

d)  C  va.  X’ 

P 

bj  ■  6j  “  -10  upp*<^ 

aurface  . 

....  428 

•)  Cp  va.  Y' 

b2  “  bj  ■  -20  lowar 

aurface 

f)  Cp  va.  X' 

£<2  *  bj  ■  -20  lower 

aurface  . . , 

....  429 

«)  Cp  va.  Y' 

b2  “  b.^  »  -20  upper 

aurface  . , 

....  430 

h)  Cp  Vi.  X* 

b2  “  bj  -  -20  uppar 

aurface  . 

....  431 

1)  Cp  va.  Y* 

®2  '*  ®3  "  lower 

aurface 

J)  Cp  Vi.  X' 

®2  "  ^3  “  lo*»er 

aurface  . , , 

....  432 

b)  Cp  va.  Y' 

b2  ■  bj  ■  -30  upper 

aurface . ^ , 

....  433 

1)  Cp  vt.  X' 

b2  •  bj  -  -30  upper 

aurface  . 

....  434 

■)  Cp  va.  Y' 

b2  •  6j  «  -39  lower 

aurface 

n)  C^  va.  X' 

P 

b2  ■  bj  ■  -39  lower 

aurface . .  t  ■ . . 

...  435 

o)  C^  va.  Y* 

P 

b2  •  bj  -  -39  upper 

aurface  . , 

...  436 

P)  Cp  va.  X' 

82  ■  bj  •  -39  upper 

aurface . 

...  437 

Configuration  VII 

Spoiler  On 

a)  C  va.  T* 

P 

a  -  0  Xe^AotlO"*  -  3.3 

lower  aurface 

b)  Cp  va.  X' 

a  -  0  Ra^ikxlO'*  -  3.3 

lower  aurface  .... 

...  438 

' 

c)  C  va.  Y' 

P 

a  -  0  Xa^AxlO"*  -  3.3 

upper  aurface 

j 

d)  Cp  va.  X' 

a  -  0  Xe^^lO**  -  3.3 

upper  aurface  ...,, 

...  439 

«)  Cp  va.  Y' 

a  —10  Xe^/ftKlO’^-  3.3 

lower  aurface 

f)  Cp  va.  X' 

a  —10  Re^/ftxlO"*-  3.3 

lowar  aurface  . 

...  440 

8)  Cp  va.  Y' 

a  —10  Re^/ftxlO"*-  3.3 

upper  aurface 

h)  C  va.  X' 

P 

a  —10  Re^/ftxlO'*-  3.3 

upper  aurface  . 

..  441 

j 

1)  Cp  va.  Y' 

a  —20  Re^/ftxlO"*-  3.3 

lower  aurface 

! 

1 

J)  Cp  va.  X' 

a  —20  Xe^/ftxlO'*-  3.3 

lower  aurface  . 

442 

1 

k)  Cp  va.  Y' 

a  —20  Xe^/ftxlO"*-  3.3 

upper  aurface 

1)  Cp  va.  X' 

a  —20  Re  /fttlO'*-  3.3 

upper  aurface . 

443 

■)  C„  va.  Y' 

P 

a-0  Re^/ftxlO"*-  l.l 

lower  aurface 

n)  Cp  va.  X' 

a  -  0  Re  /ftxlO"*-  l.l 

M, 

lower  aurface  . 

444 

o)  Cp  va.  Y* 

a  -  0  Re  /ft\10"^-  l.l 

JO 

upper  aurface 

P)  Cp  va.  X' 

a-0  Re^/ftxlO"*-  l.l 

upper  aurfaca  . 

US 

6' 

Configuration  VIII 

Spoiler  On,  Re  /ftxio"*  . 

Jl 

-  3.3 

t 

•)  Cp  va.  Y' 

a-0  lower  aurface 

1 

b)  Cp  va.  X' 

a-0  lower  aurface . 

U6 

1 

c)  Cp  va.  Y' 

a-0  upper  aurface 

xxr 


d)  VI.  X'  3  >  0  upper  lurfice  447 

•)  C  VI.  Y'  j  -  -5  lomr  lurfici 

P 

f)  C  VI.  X'  a  ■  -3  lowir  nirfici  448 

P 

g)  VI.  Y'  a  >  -5  upper  lurfici 

h)  Cp  VI.  X'  a  >  >3  upper  lurficc  449 

i)  C  VI.  Y*  a  -  -10  lower  lurfice 

P 

J)  Cp  VI.  X'  a  >  -10  lower  lurfece . 430 

k)  VI.  Y'  a  >  -10  upper  lurfice 

l)  Cp  VI.  X'  a  *  -10  upper  lurfice  .  431 

m)  C  VI.  Y'  a  -  -20  lo%*er  lurfice 

P 

n)  C  VI.  X'  a  >  -20  lower  lurfice  .  432 

P 

o)  VI.  X'  3  ■  -20  upper  lurfece 

p)  VI.  Y*  a  -  -20  upper  lurficc . 453 


XXTl 


LIST  OF  TABLES 


Page 


I  Test  Program . . .  9 

II  Geometric  Characteristics  of  Models  .  11 

III  Pressure  Tap  Location . . .  13 

IV  Description  of  Test  Configurations  . .  14 


XXTii 


LIST  OF  SYMBOLS 


b  Wing  seml>span  ^  Inches 


pressure  coefficient 


P  - 


P 

00 


C 

root 

(virtual) 

M 

00 

p 

p 

00 

%> 


virtual  root  chord  of  Wing  ~  inches 


free  stream  Mach  ntsober 

static  pressure  measured  at  pressure  tap  'v. 
free  stream  static  pressure  psia 
free  stream  dynamic  pressure  *  ^  t>  m  ^ 

**  IT  Pi  'V 

2  00  00 


psia 


psia 


Re  /ft 
00 


free  stream  unit  Reynolds  number 


P 


V 

00  00 


00 


V 

00 

X 


X* 


y 


Y* 


a 


free  stream  velocity  'v  ft/sec 

chordwise  distance  measured  from  virtual  apex 
of  wing  'u  inches 

non-dimensional  chordwise  coordinate  ■  — 
(measured  from  virtual  apex  of  wing)  ^root 

(virtual) 

spanwlse  distance  measured  from  centerplane  of 
model  'V  Inches 

non-dimensional  spanwise  coordinate  >  ^ 
(measured  from  vertical  centerplane 
of  model) 

angle  of  attack  'v.  degrees 


XXTiil 


y  ratio  of  specific  heats  »  1.4 


flap  defection  angles 
(B2  ~  left  flap;  6^  ~ 

free  stream  viscosity  'v. 


degrees 
right  flap) 

sliigs 
ft  sec 


free  stream  density 


INTRODUCTION 


The  Fluid  Mechanics  Section  of  the  Grumman  Research 
Department  is  currently  engaged  in  a  research  program  directed 
at  determining  flow  separation  phenomena  and  the  effectiveness 
of  aerodynamic  controls  on  hypersonic  flight  vehicles.  The 
program  consists  of  theoretical  and  experimental  research  on 
’’basic”  configurations,  flat  plates  with  wedge-shaped  flaps  and 
fins,  and  ’’typical”  hypersonic  glide  vehicles,  a  clipped  delta 
wing-body  coo^ination,  and  a  pyramidal  body.  The  configurations 
under  investigation  in  the  over-all  program  are  shown  in  Fig,  la. 

This  report  presents  the  results  of  one  segment  of  the 
experimental  program.  It  treats  a  winged  hypersonic  glider  con¬ 
figuration  consisting,  in  basic  form,  of  a  clipped  delta  wing 
with  an  overslung  cone-cylinder  body.  This  configuration  was 
used  for  obtaining  pressure  and  heat  transfer  data  on  various 
aerodynamic  controls  at  hypersonic  Mach  numbers.  The  pressure 
data  results  are  presented  herein  and  the  heat  transfer  results  will 
be  presented  in  a  subsequent  report  (Ref.  1).  The  controls  investi¬ 
gated  were  partial  span  trailing  edge  flaps,  with  deflection  ranges 
of  -39°  to  +39° ,  a  full  span  plug-type  trailing  edge  spoiler  and 
tip  fins.  An  overslung  hemisphere-cylinder  body  was  also  tested. 

The  experimental  work  was  done  at  the  AEDC  50 -inch  Mach  8 
Hypersonic  Wind  Tunnel  during  July  and  August  of  1963.  Descriptions 
of  these  test  facilities  can  be  found  in  Ref.  2.  Pressure  data  were 
obtained  at  a  unit  Reynolds  number  varying  from  3,3  x  10®  to  2,5  x 

10^,  depending  on  the  angle  of  attack  range,  with  selected  points 
at  a  Reynolds  numb'^r  of  1.1  x  10^.  The  same  model  was  used  to 
obtain  heat  transfer  data  in  the  AEDC  50-inch  Hypersonic  Tunnel  at 
Mj„  »  8.0  and  pressure  data  in  the  AEDC  40”  x  40”  Supersonic  Tunnel 
at  M  “  5.0  (Ref.  3).  A  geometrically  similar  model,  instrumented 
to  obtain  force  and  moment  data,  was  tested  in  both  the  40”  and  50” 
tunnels  at  an  earlier  date  (Ref.  4).  Another  geometrically  similar 
model,  with  limited  pressure  instrumentation,  was  tested  in  the  AEDC 
Hotshot  2  Hypervelocity  Tunnel  (Ref,  5). 


Manuscript  released  by  the  author  May  1964  for  publication 
as  an  RTD  Technical  Documentary  Report. 
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DESCRIPTION  OF  MODELS 


Four  test  configurations  were  built  up  from  a  basic  model 
that  consisted  of  a  clipped  delta  wing  with  an  overslung  body. 

The  clipped  delta  wing  had  a  spher:f^ally  blunted  apex,  cylindri- 
cally  blunted  leading  edges  and  a  blunt  base.  Of  the  control 
surfaces  to  be  tested,  three  partial  span  trailing  edge  flaps  were 
built  into  the  wing  and  attachments  provided  for  mounting  a  full 
span  spoiler.  Only  the  outboard  flaps  were  used  in  these  tests. 

The  flap-type  control  surfaces  were  remotely  actuated  from  outside 
the  tunnel.  Three-view  drawings  of  the  four  test  configurations 
are  presented  in  Fig.  lb  through  e.  The  dimensions  of  ti.c  basic 
configurations  are  shown  in  Fig.  lb  and  are  the  same  for  all  other 
configurations.  The  other  configuration  drawings  show  dimensions 
only  for  the  caiiq)cnents  added  to  the  basic  configuration.  A 
summary  of  the  geometric  properties  of  the  various  model  compon¬ 
ents  is  presented  in  Table  2. 

The  first  major  configuration  consisted  of  a  clipped  delta 
wing  with  an  overslung  body.  The  body  was  composed  of  a  half- 
cylindrical  after-section  and  a  half-hemispherical  fore-section. 

A  conical  fairing,,  uninstrumented,  was  attached  over  the  fore¬ 
section  of  the  body  to  provide  a  body  shape  that  was  geometrically 
similar  to  that  used  in  the  force  tests  (Ref.  4).  The  half- 
conical  foresection  and  half-cylindrical  aftersection  were  joined 
together  at  the  shoulder  by  a  spherical  fairing,  this  wing-bodv 
combination  is  referred  to  as  Configuration  I,  The  second  major 
configuration  was  obtained  by  adding  a  set  of  tip  fins  to  Configura¬ 
tion  I  and  is  referred  to  as  Configuration  IV.  Tlie  tip  fins  were 
clipped  deltas  in  elevation  and  were  attached  in  such  a  way  as  not 
to  alter  the  aspect  ratio  of  the  basic  configuration.  Configura¬ 
tions  I  and  IV  provided  the  pressure  data  needed  to  evaliiate  the 
force  data  previously  obtained. 

The  conical  forebody  of  the  overslung  body  generates  a  weak 
shock  wave  on  the  upper  surface.  It  was  also  desired  to  determine 
the  effects  of  a  strong  jhock  generator  on  the  pressure  coefficients. 
With  the  conical  foreb^Jy  removed  the  basic,  hemispherical - 
cylindrical  overslung  body  remaining  can  be  considered  as  a  strong 
shock  generator.  It  was  also  desired  to  compare  the  flow  separation 
characteristics  of  the  partial  span  trailing  edge  flaps  with  those 
a  trailing  edge  control  that  would  be  expected  to  Induce  strong 
separation  effects.  Thus,  as  for  the  force  tests,  it  was  decided 
to  test  a  full  span  spoiler  and  compare  the  resulting  pressure 
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distributions  to  those  due  to  the  partial  span  flaps  deflected 
+20  degrees.  The  design  condition  foiu  the  full  span,  plug  type, 
trailing  edge  spoiler  was,  therefore,  that  its  height  be  equal 
to  the  vertical  disp‘>acement  of  the  trailing  edge  flaps  when  they 
are  deflected  +20  degrees.  This  spoiler  was  attached  to  the  lower, 
flat  plate  surface  at  the  trailing  edge. 

It  was  assumed  that  the  effects  of  the  blunt  body  and  spoiler 
would  be  uncoupled  because  of  their  locations  on  opposite  surfaces 
of  the  wing.  Therefore,  the  hemispherical  overslung  body  and  the 
trailing  edge  spoiler  were  tested  at  the  same  time  and  referred  to 
as  Configuration  VII,*  Configuration  VIII  was  obtained  by  adding 
the  tip  fins  to  Configuration  VII. 

The  sign  convention  for  denoting  the  angle  of  attack  and  the 
control  deflection  angle  can  be  obtained  from  the  basic  model; 
namely,  a  flat  plate  clipped  delta  wing  with  an  overslung  body. 

This  definition  fixes  the  flat  plate  surface  of  the  wing  as  the 
lower  surface.  Thus,  the  angle  of  attack  is  positive  when  the 
flat  plate  surface  is  the  windward  surface  of  the  model.  The  con¬ 
trol  deflection  angles  are  also  defined  with  respect  to  the  lower 
(flat-plate)  surface  of  the  model.  If  we  consider  our  model  at 
zero  angle  of  attack  (flow  parallel  to  the  lower  flat-plate  surface), 
then  positive  trailing  edge  flap  deflections  are  obtained  by  d-?- 
f  lecting  the  trailing  edge  down.  The  outboard  partial  span  trail¬ 
ing  edge  flaps,  designed  to  operate  independently  of  each  other, 
had  a  maximum  travel  angle  of  ±40  degrees  and  could  be  calibrated 
to  yield  any  deflection  angle  in  tnis  range. 

Each  flap-type  control  was  driven  by  a  28  volt  dc,  gear  reduced, 
electrical  motor  through  a  1/2  inch-10  acme  thread  drive  screw 
which  was  connected  to  the  flap  bell  cranks  by  push-pull  rods.  Con¬ 
trol  deflection  read-outs  were  obtained  through  calibrated  linear 
potentiometers.  The  three  motors  with  their  attendant  potentiometers 
and  drive  screws  were  located  in  a  water-cooled  housing  immediately 
behind  the  model.  The  drive  screws  were  connected  to  the  flap  hell 
cranks  by  push-pull  rods  that  passed  through  the  front  of  the  actua¬ 
tor  housing  and  into  the  base  of  the  model.  This  type  of  actuation 
system  pr  xluced  a  deflection  rate  of  1  degree/sec.  The  control 
surfaces  were  calibrated  cold,  that  is,  when  the  model  was  installed 
in  the  tunnel,  and  checked  regularly.  The  calibrating  was  done  with 
precut  templates  varying,  in  5-degree  increments,  from  0  degrees  to 


In  the  force  tests  a  full  span  trailing  edge  flap  and  a  full  span 
spoiler  were  tested  with  the  conical  overslung  body,  with  and  with¬ 
out  tip  fins,  and  referred  to  as  Configurations  II,  III,  V,  and  VI. 
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40  degrees.  The  potenCiometer  outputs  were  recorded  visually 
from  Leeds  and  Northrup  Midget  Model  D  indicators  for  use  in 
setting  flap  angles  during  the  test.  This  calibration  was  also 
recorded  into  the  digital  computing  equipment  at  AEDC  for  use 
of  the  computer  during  the  print-out  procedure.  Hie  design 
provided  for  the  independent  operation  of  each  control  surface. 

We  were  thus  capable  of  testing  asymmetric,  as  well  as  symmetric, 
control  configurations. 

The  wing  of  the  model  was  fabricated  of  an  internal  stainless 
steel  frame  which  served  as  the  basic  load  supporting  structure 
and  instrumented  surface  panels  which  served  as  the  data  gather¬ 
ing  units.  The  flaps  were  also  fabricated  the  same  way;  i.e,, 
an  internal  frame  with  attached,  instrumented,  panels.  The  flaps 
were  connected  to  the  wing  ‘structure  by  hinges  and  actuated  from 
the  actuator  housing  by  a  system  of  bell  cranks  and  push-pull 
rods.  All  internal  framework  was  made  of  416  stainless  steel 
and  the  surface  panels  were  pressure  relieved,  silver  braised 
honeycomb  sections  where  the  face  sheets,  core  and  frame  were  of 
321  stainless  steel.  The  body  and  the  conical  fairing  were  fabri¬ 
cated  of  321  stainless  steel  sheet.  The  fins  and  spoiler  were 
made  of  solid  321  stainless  steel.  The  actuator  housing  which 
served  as  the  connection  between  the  model  and  the  sting,  as  well 
as  the  housing  for  the  actiiation  motors,  was  made  of  17-4PH 
stainless  steel. 

The  model  was  instrumented  with  56  pressure  taps  distributed 
on  the  upper  and  lower  surface  of  the  wing  and  on  the  half¬ 
hemisphere  cylinder  body.  The  location  of  each  pressure  cap  is 
listed  in  Table  3  and  shown  in  Fig.  If.  When  tbs  conical  fore¬ 
body  fairing  was  installed,  seven  pressure  taps  (178-184)  were 
lost  and  when  the  spoiler  was  installed  four  pressure  taps  (28;^ 

38,  48,  88)  were  lost.  Installation  of  the  fins  did  not  block 
any  instrumentation. 


DESCRIPTION  OF  WIND  TUNNELS  AND  EQUIPMENT 


This  segment  of  the  over-all  experimental  program  described 
in  the  Introduction  was  conducted  in  the  50  in,  Mach  P  Hypersonic 
Wind  Tunnel  located  at  Arnold  Engineering  Development  Center's 
von  Karman  Facility.  A  complete  description  of  the  wind  tunnels 
and  their  associated  measuring,  recording,  and  tabulating  equip¬ 
ment  is  given  in  Ref.  2. 
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The  angle  of  attack  range  was  obtained  by  using  two 
different  pre-bend  angles  on  the  water-cooled  split  sting 
that  is  standard  tunnel  equipment.  The  two  pre-bend  angles 
used  were  12  degrees  and  39  degrees  and  between  them  provided 
an  angle  of  attack  range  of  0  degrees  to  +50  degrees.  'Hie 
negative  angles  of  attack  were  obtained  by  inverting  the  model. 


TEST  CONDITIONS 


The  test  program  was  conducted  at  a  nominal  test  section 
Mach  number  of  8.0  and  test  section  unit  Refolds  niambers 
ranging  from  3.3  x  10^  per  foot  to  1.1  x  10°  per  foot.  Only 
selected  data,  to  be  used  for  comparative  purposes,  were  obtained 
at  the  lowest  unit  Reynolds  number.  Most  of  the  program  was 
conducted  at  unit  Re3molds  numbers  ranging  from  3.3  x  10^  per 
foot  to  2,5  X  10^  per  foot.  This  variation  in  test  section  unit 
Reynolds  number  was  caused  by  the  necessity  to  reduce  the  free 
stream  dynamic  pressure  in  order  to  prevent  overloading  the 
control  system.  Thus  the  free  stream  unit  Re5molds  numbers  and 
dynamic  pressures  were  reduced  as  the  magnitude  of  the  angle  of 
attack  increased. 

Due  to  tunnel  operating  conditions  the  actual  test  section 
Mach  number  ranged  between  8,08  and  8.09.  The  nominal  values  of 
the  free  stre^  unit  Reynolds  nmber  at  which  data  were  acquired 
were  3.3  x  10^,  2.9  x  10^,  2.5  x  10°,  and  1.1  x  10^.  The  varia¬ 
tion  in  Reynolds  number,  due  to  tunnel  operating  conditions,  was 
±  3%  maximum  with  most  of  the  variations  being  within  ±  2%  of 
the  nominal  values. 

The  two  main  configurations  (I  and  IV)  were  tested  most 
extensively  while  the  tests  on  the  other  configurations  were 
restricted  and  are  used  only  to  provide  comparison  data  with  the 
main  configurations.  Configurations  I  and  IV  were  tested  through 
an  angle  of  attack  range  from  -50  degrees  to  +50  degrees,  for 
symmetric,  partial  span,  flap  deflections  of  -39  degrees  to  +39 
degrees.  Configurations  VII  and  VIII  were  tested  through  an  angle 
of  attack  range  of  -20  degrees  to  0  degrees  and  provide  informa¬ 
tion  on  the  effect  of  a  strong  shock  generator  and  plug  type 
trailing  edge  spoiler  on  the  pressure  distributions  and  flow  field 
about  the  delta  wing. 

A  complete  tabulation  of  the  test  program  showing  the  angle  of 
attack  range,  control  deflection  and  flow  conditions,  is  presented 
in  Table  1. 
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DATA  REDUCTION  AND  ACCURACY 


All  the  pressure  data  were  reduced  to  standard  coefficient 

form  using  the  equation  c  =  P  ~  The  inaccuracy  in  the 

P  qoo  * 

measured  pressure  data  varied  from  ±  0,003  psia,  for  pressures 
below  0.40  psia,  to  0.26  psia  for  pressures  above  15  psia. 
Because  of  this,  pressure  coefficient  uncertainties  varied 
from  0.004  for  Cg<0.3  and  Reoo/ft  =  1.1  million  to  0.13  for 
Cp  =  2,0  and  Reoo/ft  =  3.3  million. 

The  automatic  plotting  machines,  used  in  presenting  the 
data  herein,  introduce  additional  errors.  The  discrepancies  in 
the  plotted  pressure  coefficients  due  to  these  machine  errors 
should  not  exceed  ±  0.01.  Nevertheless,  there  is  always  the 
possibility  that  a  point  will  be  completely  misplotted.  Each 
graph  has  been  inspected  and  any  questionable  points  were 
checked  with  the  tabulated  pressure  coefficients. 


RESUT.TS  AND  DISCUSSION 


This  portion  of  the  over-all  test  program  was  designed  to 
provide  the  pressure  data  needed  to  fully  exploit  the  controls 
information  previously  obtained  (Refs,  1  and  4)  on  a  basic  t3rpe 
of  hypersonic  flight  vehicle  and  to  assess  the  Importance  of 
separated  flow  effects.  Data  are  presented  at  positive  and 
negative  angles  of  attack  for  the  case  of  an  overslung  body 
mounted  on  a  clipped  delta  wing. 

The  model  was  tested  with  tip  fins  on  and  off,  with  partial 
span  trailing  edge  flaps,  with  a  full  span  trailing  edge  spoiler, 
and  with  a  blunt  instrumented  body  as  well  as  the  conical  body 
used  in  the  force  tests.  The  experiments  were  conducted  at  a 
nominal  Mach  number  of  8  and  with  limited  Reynolds  number  compari¬ 
sons. 


The  basic  wing-body  combination  was  designed  to  provide 
pressure  data  for  configurations  having  either  overslving  or  under¬ 
slung  bodies.  For  convenience  we  have  chosen  the  overslung  body 
configuration  as  our  reference,  and  we  have  defined  the  coordinate 
system  and  control  deflection  angles-  with  reference  to  this  basic 
configuration.  Thus  the  positive  angle  of  attack  regime  for  the 
overslung  body  provides  the  aerodynamic  data  for  the  underslung 
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body  at  negative  angles  of  attack.  The  sign  of  the  flap 
deflection  angles,  for  the  underslung  body  case,  must  be 
reversed  in  order  that  both  cases  be  viewed  in  the  same  refer¬ 
ence  system. 

The  data  are  presented  in  the  form  of  pressure  coefficients 
plotted  as  functions  of  nondimensionalized  chordwise  (streamwise), 
and  spanwise,  coordinates.  The  chordwise  coordinate  is  measured 
from  the  virtual  apex  of  the  model  and  the  spanwise  coordinate 
from  the  vertical  centerplane  of  the  model.  The  data  obtained 
on  the  upper  and  lower  surfaces  of  jhe  test  configuration  are 
presented  separately  for  each  set.  Thus,  for  each  test  configura¬ 
tion,  all  the  data  are  presented  in  four  graphs  (two  graphs  for 
the  chordwise  plots  and  two  graphs  for  the  spanwise  plots). 

The  data  for  Configuration  I  are  presented  in  Figs.  3  to  28; 
for  Configuration  IV  in  Figs.  29  to  49;  for  Configuration  VII  in 
Fig.  50  and  for  Configuration  VIII  in  Fig.  51.  The  complete  test 
program  is  tabulated  in  Table  1  and  the  specific  conditions  pre¬ 
sented  in  each  figure  are  noted  in  the  list  of  illustrations  on 
page  VIII. 
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TABLE  I  (CQVr'D) 

.1;  TEST  PROCRAM 

S<r  HYPERSOmC  WIND  TUNNEL 
MACH  8.08 


COMFIGURATIOM 

TKAILINC  EDGE 
CONTROL 

FORE BODY 
SHAPE 

ft.  RANGE 
•V  DECREES 

Rt  /ftxlO*^ 

m 

PARTIAL  SRVN 
FUPS 

SPOILER 

— 

*2 

IV 

-10 

•10 

OFF 

CONICAL 

-50  -  -30 

2.875 

m 

-20  ->  ■f20 

3.3 

'20 

-50  -30 

2.875 

■ 

-20  ->  •t-20 

3.3 

■ 

♦30  -  +50 

2.5 

-30 

-50  -  -30 

2.875 

-20  -  +20 

3.3 

-J9 

-39 

-50  -  -30 

2.875 

-20  -  +20 

3.3 

+30  -  +50 

2.5 

VII 

'M 

OH 

BLUNT 

■ga 

3,3 

■1 

n 

■Bi 

1.1 

VIII 

m 

0 

ON 

BLUNT 

-20-  0 

3.3 

TABLE  Tt 


GEOMETRIC  CHARACTERISTICS  Of  MODELS 


Clipped  Delta  Wing  with  Blunt  Apex, 


Leading  Edges,  and  Base 

Root  Chord 

12.350 

Inches  actual 

13.00 

Inches  virtual 

Tip  Chord 

2.608 

Inches 

Span 

12.00 

Inches 

Apex  Radius 

0.650 

Inches 

Leading  Edge  Sweep 

60 

degrees 

Leading  Edge  Radius 

0.650 

Inches 

Wing  Thickness  (Constant) 

1.30 

Inches 

Planform  Area 

93.3 

2 

Inches  actual, 

97.6 

Inches^  virtual 

Aspect  Ratio 

1.542 

Taper  Ratio 

0.211 

Thickness  Ratio  (Root) 

0,1052 

Control  Area  •  Partial  Span  Flaps 

12. 7S 

Inches^ 

Bo^: 

Half  Cone  •  Cylinder 

(Base  Mounted  Flush  with  Wing  Trailing  Edge) 

Cone  Angle 

13 

degrees 

Cone  Length 

5.49 

Inches 

Cone  Radius  (Maxlmuo  at  Tangency  Point) 

1.269 

Inches 

Cylinder  Length 

4.415 

Inches 

Cylinder  Radius 

1.  JO 

Inches 

Fairing  (Cone  to  Cylinder) 

Length 

0.29? 

inches 

Radius 

1.30 

Inches 

Included  Angle 

13 

degrees 

Total  Body  Length  (Half-Conr  Cylinder) 

10,20 

Inches 

Planform  Area  (Half-Cone  Cylinder) 

17.81 

Inches^ 

Hemisphere  Radius 

1.30 

inches 

Total  Body  Length  (Ha If -Hemisphere  Cylinder) 

5.715 

1  ches 

Planform  Area  (Ha If -Hemisphere  Cylinder) 

14. 145 

Inches^ 

Tip  Fin: 

cupped  Delta  Wing  with  Blunt  trading  Edge 

Root  Chord 

3.275 

Inches 

TAB:,E  11 


CEOHETRIC  CHARACTERISTICS  OF  MODELS 


Tip  Chord 

0.990 

Inches 

Span 

4.160 

Inches 

Leading  Edge  Sweep 

50 

degrees 

Leading  Edge  Radius 

0.325 

Inches 

Thickness  (Constant) 

0.650 

Inches 

Area 

9.27 

Inches^ 

Aspect  Ratio 

1.862 

Taper  Ratio 

0.3025 

Thickness  Ratio  (Fin  Root -Wing  Center  Plane) 

0.199 

Spoiler: 

Full  Span,  Plug  Type  with  Cylindrical  Lower  Edge 


Chord  (Constant) 

0.650 

Inches 

Span 

10.70 

Inches 

Height 

0.611 

Inches 

Pl.inforn  Area 

6.96 

1 

Inches* 

BotroT'  Cylinder  Radius 

0.325 

Inches 

1/ 


TABLE  III 


PRESSURE  TAP  LOCATION 


tap 

NUHBER 

>< 

Y' 

177 

0.1000 

0 

178 

0.2654 

179 

0.3346 

ISO 

0.4038 

181 

0.4731 

182 

0.5481 

183 

0.5851 

t 

194 

0.6274 

0 

164 

0.6923 

0.1083 

166 

0.7846 

0.1083 

167 

0.9173 

0.1083 

1S4 

0.6923 

0.1877 

136 

0.7846 

0.1877 

157 

0.9173 

0.1877 

141 

0.4904 

0.3125 

142 

0.5481 

0.4375 

143 

0.6058 

0.3125 

146 

0.7846 

147 

0.9173 

f 

148 

0.9750 

0.3125 

131 

0.4423 

0.5625 

132 

0.5481 

134 

0.6923 

li6 

0.7846 

137 

0.9173 

I 

138 

0.9750 

0.5625 

126 

0.7846 

0.8020 

127 

0.9173 

0.8020 

128 

0.9750 

0.8020 

TAP 

NUMBER 

X' 

Y' 

78 

0.050 

0 

79 

O.IO 

80 

0.2596 

81 

0.4038 

62 

0.5481 

84 

0.6923 

f 

86 

0.8077 

0 

87 

0.9173 

0.0313 

88 

0.9750 

0.0313 

42 

0.5481 

0.3125 

43 

0.6347 

44 

0.6923 

45 

0.7500 

46 

0.8077 

47 

0.9173 

t 

48 

0.9750 

0.3125 

31 

0.4423 

0.5625 

32 

0.5481 

33 

0.6347 

34 

0.6923 

35 

0.7500 

36 

0.8077 

37 

0.9173 

? 

38 

3.9750 

0.5625 

26 

0.8077 

0,8020 

*9  •• 

0.9173 

♦ 

28 

0.9750 

0.8020 

All  prcasure  cap*  ara  locatad  vlth  raapart  to  ch*  virtual  apas,  and  th*  vertical 
center  plane,  of  the  aodel.  Preiaurc  tap*  ?6  —  B8  are  on  th*  lower  (flat'plate) 
aurface  and  cap*  116  —  Iftv  are  on  th*  upper  aurfac*  of  th*  ncdel. 
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DESCRIPTION  OF  TEST  CONFIGURATIONS 
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Fig.  le  Configuration  VIII  -  Wing  -  Blunt  Body  +  Full  Span  Plug  Spoiler  +  Tip  Fins 
(for  dimensions  see  Figures  lb,  Ic,  Id) 
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Figure  Ig  Top  View  Photograph  -  Configuration 


Figure  Ih  Bottom  View  Photograph  -  Configuration 


Figure  11  Top  Viev  Photograph  -  Configuration  IV 
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A. 


Figure  Ij  Photograph  -  Configuration  IV,  Mounted  on  Actuator  Housing 

in  the  50”  Hypersonic  Mach  8  Wind  Tunnel 
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Figure  1/'  Photograph  -  Actuator  Assembr'y 

(1)  Electric  Motors,  (2)  Potentiometers 
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Fig.  7  Configuration  I,  a  -  +20  *  ^>2  “  ^3  "  +20 
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k)  Cp  vs.  X',  upper  surface 
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Fig.  8  ConflgumCion  I,  a  »  +20  »  ^2  ”  ^3  ” 
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Fig.  10  Configuration  I,  a  »  f30  »  ^2  ^'3  “ 

c)  Cp  vs.  y',  upper  surface 

d)  Cp  vs.  X',  upper  surface 
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(NONDIMENSIONAL  SEMISPAN  DISTANCE) 

Fig.  lie  Configuration  I,  a  -  +A0  ,  62  “  ^3  +10 
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(  NCWIMENSiONAL  STREAMWBE  DISTANCE  FHOM  VIRTUAL  APEX  ) 
Fig.  11  Configuration  I,  a  -  +40  ,  Sj  ■  fij  ■  +10 

g)  Cp  vs.  y,  upper  surface 

h)  Cp  vs.  X',  upper  surface 
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(NONDIMENBIONAL  SEMISPAN  DISTANCE) 

Fig.  Ill  Configuration  I,  a  ■  +40*,  ^2  " 

C  vs.  Y',  lower  surface 
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(NONDIMENSIONAL  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig  llj  Configuration  I,  a  -  +40  i  62  ■  63  "  +20 
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Fig.  11  Configuration  I  i  -  -KO  »  ^'2  ”  "  3  " 

o)  Cp  vs.  Y',  upper  surface 

p)  C  vs.  X',  upper  surface 
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Fig.  11  Configuration  I,  a  -  +40  >  ^2  "  ^3  “ 

s)  Cp  vs.  Y',  upper  surface 

t)  Cp  vs.  X',  upper  surface 
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Fig.  12  Configuration  I,  a  »  +40  ,  62  “  •  -20 

a)  v8.  Y',  lower  surface 

b)  C  vs.  X',  lower  surface 
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(  NONDIMENSIONAL  STREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 

Fig.  12  Configuration  I,  a  ■  +40  ,  62  ■  6^  -  -39 

g)  Cp  vs.  Y',  upper  surface  j 

h)  Cp  vs.  X',  upper  surface 
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Fig.  13«  Configuration  I,  a  ■  +50  ,  •  0 

Cp  V8.  Y',  lower  surface 
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Fig.  13b  Configuration  1, 
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(NOKI.nMKSSK)NAI.  STREAM>»’ISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  13  Configuration  I,  i  -  +50  ,  ■  5^  -  +10 

g)  Cp  V8.  upper  surface 

h)  Cp  v».  X*,  iqppcr  surface 
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Fig.  131  Configuration  I,  u  -  +50  ,  b2  "  -  +20 
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Fig.  13j  Configuration  I,  a  -  +50  »  ^2  ”  ^3  " 
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(  NONDIME NSIONAL  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 

Fig,  13  Configuration  I,  a  ■  +50  »  ^2  "  ^3  “ 

k)  Cp  vs.  Y',  upper  surface 

l)  Cp  vs.  X*,  upper  surface 
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Fig.  13m  Configuration  I,  a  -  +50  »  "  ®3  " 
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Fig.  13n  Configuration  I,  a  -  +50  ,  62  "  &•>  “  '*‘39 

C  V8.  X',  lower  surface 
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(  NONDIMENSIONAL  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  13  Configuration  I,  a  -  +50  ,  ^2  " 

o)  Cp  V8,  Y',  upper  surface 

p)  Cp  V8.  X',  upper  surface 
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( NONDIME NSIONAL  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  16  Configuration  I,  a  -  -10  ,  *^2*^3* 

m)  Cp  vs.  Y',  lower  surface 

n)  C  vs.  X',  lower  surface 
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(  NONDIME NSIONA L  STREAMWIBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  16  Configuration  I,  a  •  -10  ,  62  ■  6^  ••  +30 

o)  Cp  vs.  Y',  upper  surface 

p)  Cp  vs.  X',  upper  surface 
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(  NONDIME NSIONAL  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  16  Configuraticm  1,  a  -  -10  »  "  ^3  " 

q)  Cp  vs.  Y',  lower  surface 

r)  Cp  vs.  a',  lower  surface 
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(  KONDIMCK3IDNAL  STfUEAKWlSE  DETrANCE  ritOM  VTHTUAL  APEX  ) 
Fig.  17  Configuration  I,  i  »  -10  •  ^2  ’  ’  3  " 

a)  Cp  v«.  Y’,  lo«*cr  surface 

b)  C_  vs.  X',  lower  surface 
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c)  Cp  V*.  1C',  upper  surface 
<J)  Cp  vs.  X',  upper  surface 


139 


(NOHDIMEWlONAtSTREAMWBE  OBTANCE  fRCM  \n»  TI  AL  APEX  > 
Fig.  17  Ccmflguratlon  I,  i  -10  -20 

3 

•)  Cp  v«.  Y',  lower  Burfacc 

*)  C  v«.  X*  lower  surface 
P 


UO 


1 


r 

(MONOOIBNaONAL  KMIVAN  OVrANCK) 


Y' 

SYMBOL 

0 

O 

0.10S3 

Q 

0.1177 

O 

0.3123 

o 

0.3623 

X 

0.a020 

-t- 

J _ L 


l'pp«i  Surf»ce 

_ i . 


0.2 


e.4 


t  • 


(  NOMDIMCMSIOHAt.  mUEAMWVC  OmA!«CC  ri«OM  VntlUAt  An X  ) 
Fig.  17  C«jnf Igurotlon  I,  t  •  *10  ,  *2  *  "  J  * 

g)  C  v«.  T',  ourfaco 

p 

h)  Cp  VO.  X',  uppc<’ 


(MONDlMINnONAL  8BMBPAN  DrTANCB) 


T' 

-  0 
0.3125 
T.5625 
LB020 


SYMBOL 
O  - 
□ 
o 

c 


Sur(a«.r- 


0.2 


«?  4 


0.« 


0.  • 


X’ 

(!40i<I)IME»C(IUMALSTR£AM«GtE  DSTArlCE  rW)ll  vYirri'AL  APEX  ) 
fig.  17  Cotif iguraclon  I,  »  •  -10  •  '  2  "  '  3  " 


i)  C  vs.  Y',  lower  surface 
P 


Fig.  I7k  CvJnf lgur«tion  I,  >  -  -10  ,  '  >  *  ‘  j  " 

F  V*.  Y',  upj>#r  turf**-* 

F 


U3 


(  NONDIMENSIONAL  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  171  Configuration  I,  a--10,62"&3"  -30 
Cp  vs  X',  upper  surface 
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( NONDIMENSIONAL  STREAMWI8E  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  17  Configuration  1,  a  »  -10  ,  «  5^  «  -39 
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(  NONDIMENSIONAL  STREAMWPE  DISTANCE  FROM  VIRTUAL  APFX  ) 
Fig.  19  Configuration  1,  i  »  -20  ,  f  -  -  r  ,  •  0 


c)  Cp  vs.  Y',  upper  surface 

d)  Cp  vs.  X',  upper  surface 
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(  NONDIME NSIONA L  STREAMWISE  DISTANCE  FROM  VIRTUAI  APEX  ) 
Fig.  19  Configuration  1,  t  -  -20  ,  f,„  -  h,  -  +30 

i.  j 

o)  Cp  vs,  Y',  upper  sui face 

p)  Cp  vs.  X',  upper  surface 


156 


(NONDIMENSIONAL  STREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  19  Configuration  I,  a  -  -20  ,  6„  -  6,  -  +39 

q)  C  vs.  Y',  lower  surface 

P 

r)  Cp  vs.  X',  lower  surface 


(  NONDIMENSIONAL  STREAMWISE  DISTANCE  FROM  VIRTUAI,  APEX  ) 
Fig.  19  Configuration  I,  a  -  -20  ,  -  +J9 

s)  Cp  vs.  Y',  upper  surface 

t)  Cp  vs.  X',  upper  surface 


158 


(NONDIMEN8IONAL  SEMISPAN  DISTANCE) 


1.6 


1.4 


1.2 


1.0 


0.8 


0.6 


0.4 


0.2 


o 

— 

- 

- 

— 

- 

- 

Y' 

0 

S’ 

5 

5 

0 

.  . 

'MBOL 

o 

— 

0.312 

0.562 

0.802 

□ 

O 

O 

(b) 

Lower 

'  1 

Surface 

•  ■ 

1 

-0.2 


0.2 


0.4  0.6 

X' 


0.8 


1.0 


( NONDIME NSIONA L  STRE A MWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  20  Configuration  I,  a  -  -20  ,  6^  ■  ■  -10 
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(NONUIMENSIONAL  STREAMWBE  DISTANCE  FBOM  VIRTUAL  APEX  ) 
Fig.  20  Configuration  I,  a  -  -20  ,  ^2  ■  tij  ■  -20 
c)  Cp  vs.  Y',  lower  surface 
f)  Cp  vs.  X',  lower  surface 
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Fig.  20g  Configuration  I,  «  •  -20  ,  f  ^  “  *  -j  “  -20 
Cp  vs.  Y' ,  upper  surface 
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(  NONDIME  NSION  A  L  ST  REA  MWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  20h  Configuration  I,  a  -  -20  ,  •  6^  -  -20 

Cp  va.  X',  upper  surface 
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(  NONDIME N8I0NAL  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  21  Configuration  I,  a  ■  -25  ,62*6j-0 

a)  C^  vs.  Y',  lower  surface 

P 

b)  Cp  vs.  X',  lower  surface 
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(  NONDDIENSIONAL  STREAMWBE  DVTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  21  Cooflguracion  I,  u  -  -25  ,  “  ^3  ■  0 

c)  Cp  Vi,  Y',  iq>per  surfaci 

d)  Vi.  X',  uppar  iurfaca 
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Fig.  22  Configuration  I,  a  -  -30  »  &2  “  ^'3  ”  ® 

a)  vs.  Y*.  lower  surface 
P 

b)  C  vs.  X',  lower  surface 


2 


It  N 


•  -* 

►— 

►  -  ^ 

F 

- 

- - 

- 

_ 

L 

• 

a 

- 

* 

H 

♦ 

ft 

• 

ft 

- 

L 

0. 

X’ 

S481 

4923 

7846 

9173 

9750 

SYMBOL 

0 

- 

L 

0. 

0. 

0. 

0. 

U  — 

t> 

0 

X 

(c) 

Upper  S 

_ _ 1 

urface 

L  - 

- 1 - 1 - 1 - 1— - 1 - 1 _ I  I  i  I 

0.2  0.4  0.6  0.8  l.O 

y 


c 

p 


(NONDIMENSIQNAL  SEMISPAN  DISTANCE) 


1.4 


1.2 


1.0 


0.8 


0  6 


0.4 


0.2 


—  e 

- 

- 

■1^ 

♦ 

■ 

M 

♦ 

■ 

♦  ♦ 

< 

M 

♦ 

m 

• 

- 

-  yl 

0 

0.1083 

SYMBOL 

0 

□ 

m 

0 

ft 

- 

0 . 187  7 
0.3125 
0.5625 
0.8020 

0 

X 

-f- 

(«*) 

1 

J 

Upper  S 

urface 

1 

-0.2 


0.4 


0.6 


0.8 


1.0 


(  NONDIMENSIQNAL  STREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  22  Configuration  I,  a  ■  -30  ,  62  "  ® 

c)  v(.  Y',  uppar  aurfaca 

d)  va.  X',  uppar  aurfaca 
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( NONDIME NSIONALSTREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  22  Configuration  I,  a  -  -30  ,  f  ^  *  f'3  “  +20 

e)  Cp  V8.  Y',  lower  surface 

f)  Cp  vs.  X',  lower  surface 
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g)  Cp  va.  Y',  upper  aurface 

h)  Cp  va.  X',  upper  surface 
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Fig.  22  Configuration  I,  a  -  -30  ,  *  ^3  " 
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Fig.  23  Configuration  I,  a  »  -30  ,  62  "  ^3  “ 

c)  Cp  vs.  Y’,  lower  surface 

d)  Cp  vs.  Y*,  upper  surface 
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(NONDIMENSIONAL  STREAMWISK  DISTANCE  FROM  VIRTUAL  APEX  ) 

Fig.  23  ConflguracicHi  I,  a  ■  *30  »  ^2  "  ^3  “ 

1)  Cp  vs.  Y',  lower  surface 

*. )  C  vs.  X',  lower  surface 
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Fig,  23p  Co&Flgvratlon  I,  a  <•  -30  »  "  "  3  “ 

Cp  V8.  a',  upper  surface 
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(  NONDIME NSIONAL  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  24  Configuration  I,  a  -  -35  ,  62  ■  6^  -  -30 

a)  Cp  vfl.  Y',  lower  surface 

b)  vs.  X',  lower  surface 
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(NONDIMENSIONAL  SEMISPAN  DISTANCE) 

Fig.  25  Configuration  I,  a  -  -40  ,  62  "  6^  •  0 

c)  vs,  Y’,  lower  surface 
P 

d)  Cp  vs,  Y',  upper  surface 
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(  NONDlMENillONALmUAMWVr.  DI5TANCE  FHOM  VIItTUAL  APEX  ) 
Ft*.  25  Canfl|ur«tloa  I,  !j  •  -40  ,  •  Aj  -  *20 

c)  V*.  X',  IcMsr  aurfac* 

f)  vt.  K',  uppar  aurCAc* 
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g)  v8.  Y',  lower  mrfaca 
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h)  Cp  V*.  Y',  upper  eurface 
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Fig.  26  Configuration  I,  i  «  -40  ,  “  tsj  “  -10 

a)  C  v&.  X',  lower  surface 
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b)  Cp  v8.  X',  upper  surface 
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Fig.  26  Configuration  I,  u  -  -40  ,  62  “  ^ 

c)  Cp  vs.  Y',  lower  surface 

d)  Cp  vs.  Y',  upper  surface 
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Fig.  26  Configuration  I,  ct  ■  -^0  ,  ^2  "  “  -20 

e)  Cp  vs.  Y',  lower  surface 

f)  C_  vs.  X’,  lower  surface 
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Fig.  26  Configuration  I,  a  -  -40  •  ^2  " 

1)  Cp  vs.  Y',  lo%f«r  surface 
j)  Cp  vs.  X',  lower  surface 
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Fig.  27  Configuration  I,  a  =  -50  ,  b2  ^  0 

c)  r  vs.  Y',  lower  surface 
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d)  Cp  vs.  Y',  upper  surface 
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(  NONUIMENSIONAI.  STREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 


Fig.  27  Configuration  I,  u  -  -50  ,  fij  “  ^3  “ 

e)  Cp  V3.  X',  Icwer  surface 

f)  Cp  V8.  X',  upper  surface 
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Fig.  27  Configuration  I,  a  -  -50  ,  62  "  63  -  +20 

g)  Cp  vs.  Y',  lower  surface 

h)  Cp  vs.  Y',  upper  surface 
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Fig.  27  Configuration  I,  a  -  -50  »  ^^’2  ^  ^'3  " 

k)  C  vs.  Y',  lower  surface 
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l)  Cp  v8.  Y',  upper  surface 
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Fig.  28  Configuration  I,  a  ■  -50  »  ^2  "  ^3  “ 

e)  Cp  vs.  Y',  lower  surface 

f)  Cp  vs.  X*,  lower  surface 
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(  NOHDIMENSIONALSTREAMWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 


FI*.  37  Configuration  IV,  a  -  +40,  ^2  ■  f j  •  +10 

g)  va.  Y',  upper  surface 

h)  va.  X',  upper  aurface 
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(NOKDIMENSIONAL  STREAMWtSE  DISTANCE  FROM  VIRTUAL  APEX  ) 

Fig.  37  Configuration  IV,  a  -  +40  ,  62  “  ^3  " 

I)  vs.  Y',  lower  surface 

J)  vs.  X',  lower  surface 
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(NONDIMENSIONAU  SEMISPAN  DISTANCE) 
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Fig.  38  Configuration  IV,  a  •  -*40  ,  &2  *  ^3  * 
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C  vs.  Y'.  lower  surface 

P  ’ 


330 


( NONDIME NSIONAL  STREAMW1SE  DISTANCE  FROM  VIRTUAL  APEX  ) 

Fig.  39f  Configuration  IV,  a  ■  +50  »  ^2  "  ** 
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(  NONDIME NSIONALSTRE A MWISE  DISTANCE  FROM  VIRTUAL  APEX  ) 


Fig.  39  Configuration  IV,  a  -  +50,  ^>2  *  ^^3  ■  '‘'20 

g)  Cp  vs.  Y',  upper  surface 

h)  Cp  vs.  X',  upp^r  surface 
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Fig.  39J  Coaflguratlon  IV,  a  ■  +50  »  "  ^3  " 

C  vs.  X',  lower  surface 
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Flf.  39  Configuration  IV,  3  -  +50,  ^2  *  **3  * 
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t)  Cp  vs.  X',  upper  surface 


341 


(  NCMUIMEMIIOMAt.  irrUAimBE  DUTTANCC  FHOM  VIRTUAi.  APEX  ) 


ri*.  40  Cmfltnit  itlon  IV,  •»  «  -10  ,  /  j  •  ?  j  »  0 

a)  C  va.  T*.  lower  auifact 

P 

b)  C  va.  T',  upper  aurfaca 

P 

c)  C  va.  X',  lopwar  aurfacc 

P 

d)  C  va.  X',  upper  aurface 

P 

)42 


l.« 


l.tl 


OmaiMlMKlMAIi 


PAM  mTANCn 


o.« 


C_  I- 


0.1 


1.8 


1.6 


- 

Y' 

0 

0.312S 

0.S62S 

0.8Q20 

SYMM 

0 

□ 

0 

0 

_ 

3L 

_ 

1 

• 

(g) 

■ 

■ 

sn 

urf*ce 

0.4  0.0 

X* 


0.0 


1.0 


m 

- 

■ 

Y' 

SYMB 

lOL 

♦ 

■ 

M 

i 

0 

0 

• 

k 

II 

♦ 

0.1083 

P 

* 

0.1877 

0.3125 

0 

0.5625 

X 

ffll 

0.H020  4 

-  ,1 - 

i 

upper  Surface 

0  O.I  0.4  0.0  0.0  1.0 


x* 


(  NONDIMXNBIONAl.  rmAIIWN  D0TANCI  mOM  VmTUAL  APIX  ) 


ri(.  AO  ConflcuraClon  tV,  a  >  -10  ,  ^2  *  ^3  ~ 
•)  v«.  T',  lomr  matUcm 

t)  VO.  T',  «Ap|Mr  mrfaca 

g)  va.  X',  lowar  ourCaea 

h)  vs.  X',  oppar  aurfaca 


343 


0  0.1  0.4  01  0.0  I. 

X" 

(  NONDmCNBIONAL  fTWIAinnU  DISTANCE  rSOM  VIltTlIAk.  AI>EX  ) 

Fl«.  40  Caafl(ur«tlac)  IV,  a  •  -10  ,  6^  *  63  *  +20 

t)  C...  VS,  T',  lowsr  surfscs 
P 

J)  vs.  Y',  «9P«r  surfscs 

k)  vs,  X',  lowsr  surfscs 

l)  Cp  vs.  X',  uppsr  surfscs 


I  HONDIMEIIBIONAL  STIIEAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 

Flj.  40  Conflguracloci  IV,  i  •  -10  , 

d)  C  vt.  Y',  towar  turfac* 

P 

n)  C_  vt.  r',  upp«r  turfaca 

P 

o)  Cp  vt.  X',  lowar  turfaca 

p)  Cp  vt.  X',  uppar  turfaca 


345 


rig.  40  Coafl^uratloD  IV,  a  -  -10  ,  6^  -  6j  ■  +39 

q)  va.  Y',  lower  surfaco 

r)  C  va.  X',  lower  aurface 

P 


346 


Y'  SYMBOL 


Y'  SYMBOL 

0  O 
0.1083  □ 
0.1877  C> 
0.3125  O 
0.5625  X 
0.8020  -f 


0  0.1  0.4  0.0  0.0  1.0 


X* 

(  HONDIMKNBIONAL  OTRBAinnBS  DVrANCI  FMOK  YntTOAL  APSir  ) 

Fif.  40  Canflxurocioii  IV,  a  ■  >10  ,  ^2  * 

■)  vs.  T',  upper  surfacs 

t)  vs.  X',  upper  eurCece 


347 


1.4 


0.2  0.4  0.4  0.0  i.O 


r 

(  nondimewional  strxamwvs  dbtance  rnoM  virtual  apex  ) 

FIs.  CoDfisurAtioo  IV,  3  -  -10  ,  62  -10 

■)  va.  Y',  lcM«r  aurfasa 

b)  va.  X',  ItAwr  aurfaca 

P 


34« 


0.6 


0.6 


0.4 


C 

P 


0.8 


0 


-0. 


Upper  Surface 


0.2 


•  X* 

0.5481 

“0.6923 

0.7846 

0.9173 

0.9750 

I 


4 


SYMBOL 


O 

g 

o 

X 


J. 


o.t 


t.o 


r 

(NONxmxNacwAL  mtavAM  onrANCi) 


I 


1.8 


1.6 


0.6 


0.6 


C 

P 

0.4 


0.8 


0 


•0.8 

0  0.2  0.4  0.6  0.6  1.0 


- 

♦ 

- 

m 

- 

Y' 

0 

.  0.1083 

SYMl 

0 

□ 

0 

c 

X 

♦ 

K)L 

# 

Q 

0.1877 

0.3125 

0.5625 

0.8020 

ft 

- 

■ 

• 

♦ 

t 

e 

w 

■ 

■hSS 

H 

X* 


<  NONDIMENnONAL  STIIXAMWVI  DOTANCK  PKMI  VIRTVAL  AKX  ) 
Flf.  41  CoQflEur«Cic«t  XV,  a  >  >10,  62  *  ^3  * 

c)  vt.  T',  upper  eurfece 

d)  vs.  X',  upper  surface 


I 

i 

* 

,1 


349 


(N9l(MMKM»«ALtTnAimB  OVTANCC  mOM  VmTUAL  APKX  ) 
Fi^.  41  ConfifiarAClaD  IV,  a  »  -10  ,  ^2  *  ^3  ~ 

•)  v«.  T',  lowar  wuxfmct 

£)  va.  XV,  lovar  wrfaca 


3S0 


Fix.  414  Ctafl^anCloB  VI,  a 


vs .  T' ,  uppsr  swCacs 


I  N0f<DIME>«|O?(ALmiZAMWVC  t>0TAWCE  mOM  VtHTtAL  APEX  ) 
ri«.  4lh  Confijvratlan  IV,  i  -  -10  ,  '2  "  ‘j  *  *2® 
v«  X',  «PI>«r  surface 


352 


0.2 


I - h 


-0.2 


(1) 


X' 

5481 
•0.6923 
0.8077 
0.9173 

0.9750 

I  I  ■ 


SYMBOL 

O 

□  * 

o 

o 

X 


Lower  Surface 
* 


0.2 


0.4 


0.0 


0.0 


1.0 


(NONDDSMIONAL  8EMBPAM  DSTANCE) 


1.0 


1.0 


1.4 


12 


1.0 


0  0 


0.0 


0.4 


0.2 


c 

- 

- 

- 

- 

- 

- 

» 

- 

a 

Y' 

0 

SYMI 

O 

OL 

(1) 

“■0.5125 

0.5625 

0.8020 

U 

o 

o 

_ i _ 

Lowr  S 

jviAcv 

0.2 


0.4 


0.0 


0  0 


1.9 


<MOra>tMC»KMiALmiEAM«Bt  DSTAMCE  nOM  VIRTVAL  APEX  k 


rig.  41  Conflcuratlon  IV,  i  •  -10  ,  *  *  3  “ 

I)  v>.  T',  loMvr  •urfac* 

J)  C  v«.  X‘,  loMcr  aurfac* 

P 


35  3 


0 


(NOHODIIINBONAL  KMUPAN  OliTANCI) 


Fig.  41k  Ccnfiguratlon  IV,  a  -  -10  ,  ijj  ■  6^  -  -30 


Cp  V8.  Y',  uppvr  surface 


354 


( NONDIME NSIONAL  STREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  41  Configuration  IV,  a  ■  -10  ,  ^2  “  ^3  " 

m)  C  V8.  Y',  lower  surface 

P 

n)  Cp  vs.  X',  lower  surface 


356 


(  NONDOfflNSTONALSTRKAMWlSE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig,  4lp  ConflgurAClon  IV,  a  ■  -10 
C  vs.  X',  upper  surface 


X* 


ronoL 


0.2  0.4  O.e  O.S  1.0 


x* 

(NONDIMENSIONALSTREAMWISE  OBTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  42  Configuration  IV,  a  ■  -20  ,62*^3*^ 

a)  C  vs.  Y',  lower  surface 

P 

b)  vs.  X',  lower  surface 


(  NONOmtMSIONAL  $TIU;A¥W0E  ntSTASCE  FROM  vnKTL'Al.  APEX  \ 
ri*.  42  Configuration  IV,  i  -  -20  ,  f ^  f j  «  0 

c)  Cp  va.  y*,  upper  surface 

d)  Cp  va.  X',  upper  surface 

i 


360 


( itoKDonmioKALrruAHwm  distawti  rnoM  vnrrvAt.  apcs  i 

Ftf.  42  Codflguractaa  IV,  j  •  *29  ,  >  aIO 

«)  v«.  T',  lonmt  aurfac* 

f)  vt.  T',  upper  awrfac* 

g)  va.  X',  lower  eurfece 

h)  Cp  va.  X',  upper  eurfece 

m 


( MoienaMioNAL  rruAMWiic  obtanci  moii  viktual  akx  i 
ric.  42  Conflsuratlon  IV,  a  ■  -20  •  (>2  ^ 

I)  C  vs.  T',  lowsr  surfsca 

P 

J)  va.  T',  uppar  surfaca 

k)  C  va.  X',  IcnMr  aurfaca 

F 

l)  vs.  X',  t^ppar  surfaca 


Bj  •  ■♦•20 


(  WMiDsaMnoKAi  rTMAtnnn  nvTAurt  rmi  vnrrx'At  Arcs  » 

ri*.  *2  C«»fl«w«tloB  IV,  %  •  -20  ,  A  j  •  *  j  *  ♦JO 

■)  C  vs.  Y',  loHsr  MU-fac* 

9 

a)  C  vs.  T*,  v^far  Mrfacv 
P 

o)  C  vs.  X’,  lowtr  swrfacs 

F 

p)  Cp  vs.  X*,  «^pp«r  swrfacs 


0.2 


0.4 


0.0 


0,8 


1.0 


(N0NDIMIHE:0NAL  nUBPA)!  DBTANCE) 


(NONDlMC*«IONALrrit£Alf«'BC  DBTANCF  FROM  VIRTUAL  APFX  ) 
Fig.  43  Configuration  IV,  j  ■  -20  ,  f ^  *  *  3  " 
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( NONDIME NSIONAL  STREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  43  Configuration  IV,  a  -  -20,  1)2  ■  Uj  *  -20 

e)  Cp  vs.  y,  lower  surface 

f)  Cp  vs.  X',  lower  surface 
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Cp  vs.  X',  upper  surface 


370 


IB 

^B 

bh 

1^1 

HB 

B 

B 

B 

B 

B 

B 

B 

■SmiB 

B 

B 

B 

B 

0.2  0.4  0.0  0.8  1.0 

T 

(NONDIMENBIONAL  SIMBPAN  DBTANCB) 


6 

4 

2 

0 

8 

6 

4 

2 

0 

2 

e 

— 

- 

- 

- 

- 

► 

- 

Y' 

0 

3154 

8YMB 

0 

□ 

0 

o 

I. 

- 

0.3623 

0.8020 

0) 

B 

B 

B 

■■■liB 

B 

B 

'1 " ' 

9 

0  0.2  0,4  0.0  0.*  t. 

x- 

( NONDIMENSIONAL  STREAMWCE  PnTANCE  FROM  VIRTUAL  APEX  ) 
Fig.  43  Configuration  IV,  a  ■  -20,  ^2  "  ^3  " 

I)  Cp  vs.  Y',  loiwr  surface 

J)  Cp  vs.  X',  lotwr  surface 


371 


u  1.0 


43k  Configuration  IV,  i  -  -20,  tij  "  ^^3  “  *30 
Cp  vs.  Y’,  upper  surface 


372 


373 


(NONDOIENSIOHAL  8EMBPAN  DBTANCC) 


1.6 


1.4 


12 


1.0 


0 

- 

1 

1 

- 

n 

1 

1 

- 

► _ 

_ 

Y' 

0 

SYMS 

0 

□ 

0 

0 

jL 

1 

1 

- 

t).312S 

0  5623 
0.8020 

<22 _ 

■ 

”  8"  6' 

0.2 


0.4 


0.6 


0.6 


1.0 


(W«  V  •  y  V^LSTReAMWBE  DBTANCE  FROM  VIRTUAL  APEX  ) 


Configuration  IV,  t  ■  -20,  ''2*^  3" 

C  Vi.  Y',  lower  surface 
P 

>  C  vs.  X',  lower  surface 
P 


374 


Fig.  43o  Coafigurcclon  IV»  a  -  -?0,  f>2  *  ^3  * 
Vi.  Y',  upper  iurface 


375 


(NoNOIMf  VSIONAl  SrHf  I1|>J  xst  f  fRi>M\n<ri  A!  AJ'f  X. 

Fig.  43p  Conflguratior  IV,  i  -  -’O,  -39 

«  a 

C  V*  X‘,  upprr  turfacr 


376 


! 

i  . 

1 

X'  SYMBa 

0.5481  0 

'0.6923  □ 

0.8077  > 

0.917j  O 

(.)  0.9750  X 

1 

M 

m 

q  0.2  0.4  0  6  (),S  x.o 


V 

( NONDIME SSIONAl.  SEMKPAN  DISTANCE) 


' 

~  5 

- 

- 

- 

- 

- 

Y' 

SYMl 

o 

> 

o 

X 

» 

- 

0  •  3X23 
0.5625 
0.8020 

i 

(b> 

■ 

cr’  «cv 

_ 

•  * 

'  W 

r " 

6— _ _ 

1 _ 

0  o .  ;  . .  4  V  H  y  «  I .  y 


\ 

M  n:  !Vf  ^  :  R>  AMW  •>»  \>'}\. 

rVfc.  Conf  iKuration  I\, 

;» >  C  vs.  V',  U’Wrr  surface 
F 

C  vs,  X',  Iv^cr  surface 
P 


1.0 


Fig.  44c  Configuration  IV,  a  -  -30  ,  ^2  ■  ••  0 

Cp  V*.  Y',  upper  surface 


378 


(  NONDIMENSIONAL  STREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
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Fig.  46h  Configuration  IV,  a  -  -40  »  ^2  "  ^3  * 
Cp  vs.  X',  upper  surLace 
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i)  Cp  vs.  Y*,  lower  surface 

j)  Cp  vs.  X',  lower  surface 
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m)  Cp  vs.  y',  lower  surface 
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Cp  vs.  X',  upper  surface 
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Fig,  49  Configuration  IV,  a  -  -50  ,  62  "  ^3  * 

a)  dp  vs.  Y',  lower  surface 

b)  Cp  vs.  X',  lower  surface 
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a)  Cp  v».  Y',  I  •  0  ,  lower  surface 

b)  C  vs.  X',  i  •  Z  ,  l<w«r  surface 
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(NONDIMENSIONAL  STREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 


Fig.  51  Configuration  VIII,  Spoiler  on,  Re  /ftxlO'^  -  3.3 

00 

e)  C  vs.  Y',  a  -  -5  ,  lower  surface 

P 

f)  Cp  vs,  X',  a  ■  -5  ,  lower  surface 
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(  HONOMCNnONAL  STfttAWWVS  DISTANCE  TtlOH  VtKTVAL  APEX  ) 


Fig.  51  Configuration  VlII,  Spoiler  oa,  -  3.3 

g)  Cp  v*.  Y',  a  •  -5  ,  upper  eurfece 

h)  Cp  V*.  X',  a  •  -5  ,  upper  aurk'ece 
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Fig.  51  Configuration  VIII,  Spoiler  on,  Re  /ftxlO'^  -  3.3 
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surface 
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C..  vs.  X', 
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a  -  -10  , 

lower 

surface 
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(  NONDIMENSIONAL  8TREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 


Fig.  51  Configuration  VIII,  SprUer  on.  Re  /ftxlO"®  -  3.3 

k)  Cp  vs.  Y',  a  -  -10  ,  upper  surface 

l)  Cp  vs.  X',  a  ■  -10  ,  upper  surface 
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(NONDIMENBIONAL  SIMBPAN  DBTANCE) 


Fig.  51  Configuration  VIII,  Spoiler  on,  Re_/fCxlO”^  -  3.3 
■)  v».  Y',  «  •  -20  ,  lever  surface 

n)  VI.  X',  1  •  -20  ,  lover  surface 
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(  nondimension  A  L  STREAMWBE  DISTANCE  FROM  VIRTUAL  APEX  ) 
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(NONDIMBNBONAL  lEMlSPAN  DWTANCR) 


Fig.  51  Configuration  VIII,  Spoiler  on,  Ro^ft  xl0‘^  -  3.3 
®)  Cp  va.  X',  a  -  -20  ,  upper  surface 
P)  Cp  V3.  Y’,  a  ■  -20  ,  upper  surface 
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